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(54) COLOR UQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize color display with 
good display quality by using a temperature 
compensated phase difference plate where a retardation 
value gets smaller with the rise of temperature. 
SOLUTION: This cplor liquid crystal display device is 
provided with a liquid crystal cell 1, polarizing plates 2 
and 3, a reflection plate 4 and the phase difference plate 
5 where the retardation value is changed according to 
temperature. Since the phase difference plate where the 
retardation value gets smaller with the rise of the 
temperature similarly to liquid crystal, concretely, the 
phase difference plate where the ratio of the retardation 
value at 70° C to the retardation value at 25° C is > 
0.70 and -<0:99^is" used; a difference between the - - ■^ r ^'- & ^.y-":? - -. r ~ 

retardation values of the liquid crystal at the respective „ 

temperatures gets small and matching with the liquid 
crystal is improved. Especially, it is effective because 
the white color of a background is not changed 
according to the temperature in the case of a positive 

type, and the black color of the background is not changed according to it in the case of a 
negative type. When the white color and the black color of the background are not changed 
according to the temperature in such a way, a hue at each voltage is stable and vivid color 
display is synthetically realized. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** snows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] Contain an optically active substance between two substrates which have a transparent 
electrode and the orientation film, respectively and have been arranged almost in parallel, and the 
nematic liquid crystal whose dielectric anisotropy is forward is pinched. Angle of torsion of the liquid 
crystal by the direction of orientation of the liquid crystal molecule formed with the orientation film of 
each substrate is made into 160- 300 degrees. The product (deltanl and dl) of the refractive index 
anisotropy (deltanl) of a liquid crystal layer and the thickness (dl) of a liquid crystal layer is set to 1.2 to 
2.5 micrometer in 25 degrees C. In the color liquid crystal display with which the outside of a liquid 
crystal layer was equipped with at least one polarizing plate and at least one phase contrast plate, and it 
had the drive circuit which impresses driver voltage between transparent electrodes The color liquid 
crystal display characterized by using the phase contrast plate of temperature compensation with which 
the retardation value becomes small with the rise of temperature as said phase contrast plate. 
[Claim 2] The color liquid crystal display according to claim 1 whose ratio of the retardation value in 70 
degrees C to the retardation value in 25 degrees C of a phase contrast plate is 0.99 or less [ 0.70 or more ]. 
[Claim 3] The color liquid crystal display according to claim 1 or 2 with which one pair of polarizing plates 
have been arranged on the outside of a liquid crystal layer. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the color liquid crystal display using a retardation. 
[0002] 

[Description of the Prior Art] In recent years, the liquid crystal display is broadly used in various fields as 
a flat- surface mold display. A thin shape and a light weight, a low power, and cblorization also begin to be 
commercialized by the reason of easy ** from a calculator, a watch, etc., and, recently, the liquid crystal 
display is commercialized to the thing large-sized as a display for a word processor or personal computers. 
[0003] In these liquid crystal displays, the inclination of colorization is remarkable and jthe\method which 
uses a color filter (CF) as a method of colorization is common in recent years. By this method, since CF 
was used, the skillful color picture could be expressed, -but since CF itself had realized the; color by : 
absorption on the other hand, it was a problem that it cannot be used in a reflective mold, being dark. For 
this reason, the present condition is using it as a transparency mold which usually equipped the 
background of a liquid crystal display panel with the back light in the case of a color liquid crystal display. 
[0004] On the other hand, a current hardly flows also in the state of a drive, but since a liquid crystal 
display is a low power, it is used for pocket devices, such as a calculator and a cellular phone. However, in 
the display of a color, for the reason mentioned above, the back light was required, the power consumption 
of a back light was very large in this case, and the dcbattery drive of long duration was not completed, 
and there was a problem of becoming unsuitable by the increase of weight of a dc-battery at a cellular 
phone. 

[0005] The color liquid crystal display which used the retardation of liquid crystal and a phase contrast 
plate as a means to solve this problem is proposed (see JP,8-292434,Aetc.). By this method, by controlling 
the electrical potential difference impressed to a liquid crystal display, the retardation value was changed 
and this has realized color display. For this reason, CF is unnecessary, and since cheap and bright color 
display is possible, the low-power type color liquid crystal display which a back light does not need is 
possible. 
[0006] 

[Problem(s) to be Solved by the Invention] By this method, colorization is realized using the retardation of 
liquid crystal and a phase contrast plate, and the balance of these retardation values becomes very 
important. Generally, the retardation value of liquid crystal changes with temperature, and if 
temperature becomes high, it will become small. On the other hand, the retardation value of a phase 
contrast plate is eternal in a practical temperature requirement. For this reason, near a room 
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temperature, even if it presented the beautiful hue, at low temperature or an elevated temperature, 
matching of the retardation of liquid crystal and a phase contrast plate worsened, and there was a 
problem which cannot realize a vivid color. 
[0007] 

[Means for Solving the Problem] Contain an optically active substance between two substrates which this 
invention is made that the above-mentioned technical problem should be solved, have a transparent 
electrode and the orientation film, respectively, and have been arranged almost in parallel, and the 
nematic liquid crystal whose dielectric anisotropy is forward is pinched. Angle of torsion of the liquid 
crystal by the direction of orientation of the liquid crystal molecule formed with the orientation film of 
each substrate is made into 160-300 degrees. The product (deltanl and dl) of the refractive index 
anisotropy (deltanl) of a liquid crystal layer and the thickness (dl) of a liquid crystal layer is set to 1.2 to 
2.5 micrometer in 25 degrees C. In the color liquid crystal display with which the outside of a liquid 
crystal layer was equipped with at least one polarizing plate and at least one phase contrast plate, and it 
had the drive circuit which impresses driver voltage between transparent electrodes The color liquid 
crystal display characterized by using the phase contrast plate of temperature compensation with which 
the retardation value becomes small with the rise of temperature as said phase contrast plate is offered. 
[0008] 

[Embodiment of the Invention] In the color liquid crystal display of this invention, it is important to use 
the phase contrast plate of temperature compensation with which the retardation value becomes small 
with the rise of temperature as a phase contrast plate. 

[0009] Hereafter, this invention is explained, referring to a drawing. Drawing 1 shows the configuration 
of the color liquid crystal display of this invention typically to an example for the case of a reflective mold. 
In drawing 1 , 1 is a liquid crystal cell and a phase contrast plate from which in the polarizing plate on a 
side front, and 3, as for the polarizing plate on a background, and 4, a reflecting plate changes with 
temperature, and, as for 5, a retardation value changes [ 2 ]. 

[0010] The color liquid crystal display which has the same configuration as drawing 1 is known except 
using the phase contrast plate which consists of polymeric materials like a polycarbonate (PC) before. 
However, since it will become small if it is fixed in the temperature requirement where the retardation 
value of PC is practical as such equipment is shown in drawing 2 , and the retardation value deltanl of a 
liquid crystal cell and dl change in temperature on the other hand and temperature becomes high, at an 
elevated temperature or low temperature, matching with a liquid crystal layer and phase contrast plate 
worsens, and the vividness of a color is [ elevated temperature / especially / room temperature ] inferior. 
[001 1] On the other hand, in this invention, since the phase contrast plate with which a retardation value 
becomes small with the rise of temperature like liquid crystal is used, a difference with the retardation 
value of the liquid crystal in each temperature becomes small, and matching with liquid crystal becomes 
"good. Especially in ttie case of a positive typerin the case, of a negative mold, -the blackofca vbackground 
does not change [ the white of a background ] with temperature; but there is effectiveness.; Thus, if the 
"white or black of a: biackgrdurtd do hot f change with temperature, they will be stabilized by the hue in each 
electrical potential difference, and the synthetically skillful color display of them will become possible. 
[0012] If a retardation value changes with temperature as a phase contrast plate in this invention, 
though the thing of the various quality of the materials can be adopted and it will be a solid-state 
industrially, a polymer liquid crystal with the property of liquid crystal is the simplest, and when film 
production is difficult, mixed stock with other polymeric materials is also possible only at a polymer liquid 
crystal. Moreover, it is not necessary to be 1 axial as an optical property, and the three dimension phase 
contrast plate which drew the spiral like biaxial nature or cholesteric liquid crystal may be used. Here, 
the temperature change of the retardation value of a phase contrast plate does not need to be completely 
in agreement with it of a liquid crystal cell, and is suitably selected in consideration of the balance of each 
color. 

[0013] Specifically, the small color display of the color change based on a temperature change becomes 
[ the ratio of the retardation value in 70 degrees C to the retardation value in 25 degrees C ] desirable 
more preferably possible by coming out and using a certain phase contrast plate 0.98 or less [ 0.80 or 
more ] 0.99 or less [ 0.70 or more ]. 

[0014] What is necessary is just to make angle of torsion of the liquid crystal molecule between two 
electrodes into 160-300 degrees in this invention. This has few changes of state of the liquid crystal at the 
time of carrying out the time -sharing drive with the high duty ratio for which a steep transmission 
change is needed at less than 160 degrees, and is for being easy to produce the domain scattered about in 
a hysteresis or light in 300-degree **. 

[0015] Moreover, the product deltanl of the refractive index anisotropy (deltanl ) and the thickness of a 
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liquid crystal layer of the liquid crystal of a liquid crystal layer (dl) and dl It may be 1.2-2.5 micrometers. 
This is because it becomes difficult to display an achromatic color and a viewing angle and a response 
worsen in that the change of state of the liquid crystal when impressing an electrical potential difference 
in less than 1.2 micrometers is small, and 2.5-micrometer **. In order to enable coloring of an achromatic 
color and to enlarge color change to an electrical potential difference especially, it is deltanl of a liquid 
crystal layer, and dl. It is desirable to be referred to as 1.3-1.8 micrometers. 

[0016] In addition, this deltanl and dl As for the range, it is desirable to make it satisfied by service 
temperature within the limits of that liquid crystal display, and a beautiful display is obtained by service 
temperature within the limits. But for an engine -performance demand aiming at outdoor use, it is made 
satisfied only with the part of service temperature within the limits of this relation. In this case, deltanl 
and dl In the temperature requirement from which the range separates from the above-mentioned range, 
the color of a display will separate from a desired thing, or an angleofvisibility property will fall. 
[0017] Next, the whole color liquid crystal display configuration of this invention is explained. ITO which 
carried out patterning to the desired pattern Gn2 03 Sn02), Sn02 etc. between the substrates with a 
transparent electrode which prepared film, such as polyimide and a polyamide, in the front face of 
substrates, such as plastics which prepared the transparent electrode, and glass, carried out rubbing of 
this front face, or carried out the slanting vacuum evaporationo of the SiO etc., and formed the 
orientation control film It is made for the above mentioned dielectric constant anisotropy to have the 
liquid crystal layer of 160-300-degree twist by the forward nematic liquid crystal pinched. 
[0018] As this typical example, there is a dot- matrix liquid crystal display component in which the 
electrode of much letters of a matrix was formed, for example, the electrode of the shape of 640 stripe is 
formed in one substrate, the electrode of the shape of 400 stripe is formed so that it may intersect 
perpendicularly with the substrate of another side at this, and a display like 640x400 dots is made. 
Usually, the dimension of one pixel which forms a dot is about 270micrometerx270micrometer, and the 
gap between pixels is about 30 micrometers. 

[0019] the minimum effective voltage impressed to a pixel when performing a multiplexer drive - VOFF 
it is . This VOFF When an electrical potential difference is impressed, designing so that a white display 
can be performed is desirable. What is necessary is just to design so that the condition that liquid crystal 
started a little may be compensated with a phase contrast plate in order to realize this. Bright white 
comes to be obtained when a multiplexer drive is carried out by carrying out like this. 
[0020] Although the effectiveness is very large when a bright display is possible for the color liquid crystal 
display of this invention at a low power, and it becomes a thing suitable for a cellular phone, especially is 
used as a reflective mold, it is not limited to this and can apply also to the transparency mold and 
transflective type which prepared back lights, such as EL and CFL, back. Since the cheap color display 
component which does not use CF by these cases, either is realizable, the application range is wide. 
-[0021]- When^using* with>a^tran^ it-is desirable r and-by» this,^ covering -parts^foruvthe 

background other than a pixel by the light- shielding film by printing etc. makes color contrast improve, 
and it gets. Although the quality of the material of the reflective fihrrm-the case of using it as a reflective 
mold is not limited, the silver reflective film has a reflection factor higher than aluminum about 20%, and 
since the use effectiveness of light is improved, it is preferably employable. In this case, although the 
wavelength dependencies in the case of reflection differ, reflection of silver generally has the low 
reflection factor of a blue wavelength region and the reflected light wears the yellow taste with silver and 
aluminum, a synthetic display property is improved because the display of a liquid crystal cell makes it 
the specification which approached the blue side on the whole on a chromaticity diagram, and the bright 
good display of color purity is obtained. 

[0022] INSU vine face panel [ for a personal computer, a word processor, a fish detector, and mount in the 
liquid crystal display of this invention ], information terminal, and industrial information-display device 
[ - for example The operating state display in the control panel of a copy machine (during a copy of red, a 
green display and a line are considered as a blue display, and a background is considered for number of 
sheets as a white display) Or], such as an operation display (a background color is given into white and 
green and a risk indication are given red for operational status) of a power device, It can be used as a 
functional element which bears display functions, such as various kinds of noncommercial dot-matrix 
indicating equipments [audio equipment, a clock, a game device, an amusement, communication 
equipment, car navigation, a camera, TV telephone, and a display of a calculator]. 

[0023] Since especially the color liquid crystal display of this invention can be used with a low power, 
when it uses for portable electronic equipment, for example, a cellular phone, an electronic notebook, an 
Electronic Book, an electronic dictionary, PDA (Personal Digital Assistant), a pager (pocket belD, etc. 
especially, it demonstrates high functionality together with the high visibility and power of expression. 
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[0024] Furthermore, this invention can perform application various in the range which does not damage 
the effectiveness. For example, in the case of a reflective mold, in drawing 1 R> 1, a method with the 
unnecessary polarizing plate 3 on a background is also possible, and a still brighter color liquid crystal 
display is possible in this case to it. Moreover, it is not necessary to be one sheet, two or more sheet 
laminating of the phase contrast plate of the temperature compensation in this invention may be carried 
out to one of the two or the both sides of a liquid crystal cell, and as long as it is required, it may shift the 
optical axis of each other. 
[0025] 
[Example] 

deltanl and dl The liquid crystal cell which is 1.27 micrometer was used. [ in / on the configuration of 
examples 1-3 and [example 1 of comparison] drawing 1 , and / in angle of torsion of liquid crystal / 240 
degrees and 25 degrees C ] The transition temperature of the used liquid crystal is 99.2 degrees C. On the 
other hand, as a phase contrast plate of temperature compensation, the thin film of a liquid crystal 
polymer was formed on the liquid crystal panel, and the retardation value in the room temperature was 
set to about 1.39 micrometer. 

[0026] By changing the ingredient of a liquid crystal polymer, the phase contrast plate of this liquid 
crystal polymer created what creates three kinds (examples 1-3) from which the temperature dependence 
of that retardation value differs, and consists of a polycarbonate as an example 1 of a comparison. The 
temperature dependence of the retardation value of these Gentlemen phase differential plate is 
collectively shown in Table 1. In addition, it is R70/25 among a table. The ratio of the retardation value in 
70 degrees C to the retardation value in 25 degrees C is shown. 

[0027] The color liquid crystal display of a reflective mold like drawing 1 was created using these four 
kinds of phase contrast plates, and the color change in 25 degrees C and 50 degrees C was measured on 
the drive conditions of 1/64 duty, (x y) The result arranged on the chromaticity diagram is shown in 
drawing 3 R> 3. In order to avoid complicatedness, it was made to represent with the data of an example 
1 in this drawing, since 25-degree C data were concentrated on the point almost same in any case. 
[0028] When the phase contrast plate which temperature dependence does not have in a retardation 
value like the example 1 of a comparison is used at 50 degrees C, at 25 degrees C, the color difference of 
each color decreases to sufficient color difference having been acquired in white and a red lamp, blue, and 
each green color in any case, so that clearly from drawing 3 . Change of the white used as especially a 
background color is remarkable, and discernment of a color has become [ the color difference of white and 
a red lamp ] small difficult in the example 1 of a comparison. 

[0029] On the other hand, in the case of the examples 13 which used the phase contrast plate of 
temperature compensation, even if it becomes 50 degrees C, since there is little hue change of the white of 
a background, color difference sufficient between each color is acquired. However, with the phase contrast 
plate with bigger-temperature- dependence than an -example 1, since^blue and-the -green^color. difference- 
became small, there is an optimum value in temperature dependence and the biggest effectiveness-was 
acquired in tbeexample 2 in the range of examples 13. However, since this optimum value changes with 
the physical-properties value, display mode, or drive conditions of liquid crystal to be used, it is desirable 
to determine an optimum value according to each. 
[0030] 
[Table l] 





2 5*C 


5 or; 


7 0"C 


R70/16 




1. 38 


1.2 6 


1.16 


0. 84 


mm 2 


1. 39 


1. 3 0 


1. 24 


0.8 9 




1. 37 


1. 3 4 


1.3 0 


0. 94 




1. 39 


1. 3 9 


1 . 3 9 


1.0 0 



[0031] deltanl and dl The liquid crystal cell which is 1.36 micrometer was used. [ in / on the configuration 
of examples 4 6 and [example 2 of comparison] drawing 1 , and / in angle of torsion of liquid crystal / 240 
degrees and 25 degrees C ] The transition temperature of the used liquid crystal is 94.1 degrees C. On the 
other hand, as a phase contrast plate of temperature compensation, the thin film of a liquid crystal 
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polymer was formed on the liquid crystal panel, and the retardation value in the room temperature was 
set to about 1.47 micrometer. 

[0032] By changing the ingredient of a polymer liquid crystal like the example mentioned above, the 
phase contrast plate of this polymer liquid crystal created what creates three kinds (examples 4-6) from 
which the temperature dependence of that retardation value differs as shown in Table 2, and consists of a 
polycarbonate as an example 2 of a comparison. 

[0033] The color liquid crystal display of a reflective mold like drawing 1 was created using these four 
kinds of phase contrast plates, and the color change in 25 degrees C and 50 degrees C was measured on 
the drive conditions of 1/240 duty, (x y) The result arranged on the chromaticity diagram is shown in 
drawing 4 . Since 25 degree C data were concentrated on the almost same point also in this case, it was 
made to represent with the data of an example 4, and complicatedness was avoided. When the phase 
contrast plate of temperature compensation was used like the case of drawing 3 , there was the 
description to which a hot hue change becomes small and especially change of a background color 
becomes small. 
[0034] 
[Table 2] 









2 5XZ 


5 0*C 


7 0*C 






1. 47 


1. 3 5 


1. 25 


0. 8 5 




1. 48 


1. 40 


1. 36 


0.9 2 




1. 47 


1.4 5 
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1. 47 


1. 47 


1. 47 


1. 00 



[0035] In the panel of the conditions of the [example 7] example 2, the reflective electrochromatic display 
of the negative mold which was made to rotate 90 degrees of polarizing plates 3 on a background, and 
removed the reflecting plate, and installed the white back light instead was created. In this case, 
although the background became black and a red lamp, blue, and green color display were possible for it 
for the black background, in 50 degrees C, the display with a small black hue change was possible 
compared with the component using the conventional PC also in this case. 

[Effect of the Invention] With the color liquid crystal display of this invention, by using the phase contrast: 
plate .of, temperature., compensation, it- became- ..possible - to suppress- hue change -at an-. elevated 
temperature or low temperature, especially by the panel of a negative mold, a black color change of a 
background could be suppressed to the minimum, and the good color display of display grace became 
possible about the white of a background with the panel of a positive type. 

[Brief Description of the Drawings] 

[Drawing ll The typical sectional view showing the configuration of the color liquid crystal display of this 
invention. 

[Drawing 2] The graph which shows the temperature change of the retardation value of a liquid crystal 
cell and a phase contrast plate. 

[Drawing 31 The chromaticity diagram of examples 1-3 and the example 1 of a comparison (x y). 

[Drawing 41 The chromaticity diagram of examples 4 6 and the example 2 of a comparison (x y). . 

[Description of Notations] 

l: Liquid crystal cell 

2- The polarizing plate on a side front 

3^ The polarizing plate on a background 

4' Reflecting plate 

5- Phase contrast plate 



